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The Complexity of DRw6 and DR5 Haplotypes
in American Blacks Demonstrated by Serology, rV
Cellular Typing, and Restriction Fragment C
Length Polymorphism Analysis

Kyung Wha Lee, Carolyn Katovich Hurley, Availability Coden

Robert Hartzman,4 and Armead H. Johnson Dist ISvaii ald

ABSTRACT: This study describes the diversity of Du w6 and DR5 haplot ' pes in the American black

population using serology. ce//u/ar typing. and restrict jotfragment lenigth po/)'fllaph isl (IFLPJ
analysfis. DRw.,6 (D)Rwl13 and Duw14)i and DR5 (DRuvi I and DRu 12) haplotYpes are observed
at a high frequency in this population (DR-6: 32%r. CRX5; 30i M.Aani, of these haplotypes
express .',ideflned HLA -D specifi cities and unusual DQ-vnd DRr5 2 associationis wthich previousliv
hare not been well characterized or reported (e.g.. DRuicI3 . DQuc5. DRuw52c. 0-: DiRv'13.
DQur2. Duw52a. D-; DRwil . DQw 5. DRw-52c. D-i. Serologic, analysis of class 11 alleles in
American blacks suggests the presence of DrlI3. MelI I and DQuw6 allelic v-ari'ants and
demonstrates the difficulty in defining DRuw6 and DR5 in this population. The class 11 genes
from/four A merican black families express ing nianY of the novel DRuw 1.3. DRw- 14. DRwI 1. and
DRu'12 haplotypes defined bi- serologj and mnixed leukoq-te culture were furt her characterized by
RPLP analysis. The data presented here blong writh other published data identify at least eight
DRu-1.3 haplotypesi (DRuwI3A-DRwiv3HI in the human population. Five of these haplotypes
exhibit an undefined HLA-D specificity. Three DRwit4 haploiipes (DRwI14A-DRWI4C) and
eight DR5 haplotypes (DRwir IA-DiRzt 1 E and DRwit2A-DRw I2Ci were also identified. The
novel DRu-6 and DR5 haplotypes observed, in American, blacks m/a)' arise from differences in
DRB)1. DQA 1. and DQB I genes as well as from differences in the combinations a/ alleles of these
genes encoded by a haplotype. The serologic* and RFLP analso~ suggeit that some DRuwI3 and
DRul1 I haplotypes represent transitional steps between DRuwI3 antI DRuw I in the evolutionary
pathwray which generated the DRw52 family.

ABBREVIATIONS
B-LCL B-lymphoblasoid cell line IHWS International Hilsto-
F-CS fetal calf serum compatibility WVorkshop
ATC 4"homozygous typing cell RrLI' restriction fragment length

pol ymr()rph ism'

INTRODUCTION

The class I I region of the human miajor histocompatihility complex encodes highly
polymorphic liewrodimeric ((Y and f3) cell surface gly-coprowins (DR, DQ, and.
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DP), which function in the induction of the normal immune response [1] and are
responsible in part for allograft rejection [2] and autoimmune disease susceptibil-
ity [3]. The polymorphic residues of the class II polypeptides are localized to the
amino terminal domains and are clustered into variable regions. In the predicted
three-dimensional structure of the class 11 molecule, the majority of the polymor-
phic sites reside in the antigen-binding T-cell receptor recognition site suggesting
the importance of these residues in controlling antigen recognition and allograft
rejection [4].

HLA-D regions that encode molecults carrying DRw52 serologic determinants
share general structural features suggesting a common origin. The DR subregion
of rihost of these haplotypes encodes one nonpolymorphic a gene (DRA) and
three DR/3 genes [5]. One highly polymorphic 3 gene, DRi .controls the
expression ot molecules exhibiting DR3. 5, w6, and \v8 serologic specificities [6].
A second, less polymorphic 8 gene, DRB3, controls the expression of DRw52a,
52b, and 52c molecules [7]. The third is a pseudogene, DRB2. The DQ subregion
encodes one set of expressed a and )3 genes (DQA I and DQB I) controlling
the expression of molecules with DQwI-w4 serologic specificities as well as
nonexpressed genes (DQA2 and DQB2) [6]. The DRB 1, DRB3 and DQ alleles
are often nonrandomly associated with each other forming haplotypes, a phenome-
non called linkage disequilibrium. For example, in northern European popula-
tions, DRw6 alleles tend to be inherited with DQwI and DR5 alleles tend to be
inherited with DQw3. DRw6 and DR5 alleles are always associated with a DRw52
allele.

The polymorphism of the class II molecule3 was originally defined using serol-
ogy and mixed leukocyte culture. Historically, haplotypes expressing DRw6 and
DR5 alleles have been difficult to define with serologic reagents [8-11]. For
example, DRw6 alleles were frequently defined by their association with DRw52
and DQwI and by their patterns of reactivity with multispecific alloantisera.
During the Ninth and Tenth International Histocompatibility Workshops
(IHWS), DRw6 and DR5 were redefined and subdivided in terms of serologic
(DR and DQ) and cellular (HLA-D) specificities. At least four well-defined haplo-
types were defined for DRw6: DRwI3, DQw6, Dw18; DRwI3, DQw6, Dw19;
DRw14, DQw5, Dw9; and DRwI4, DQw7, Dwl6 [8,91. (DQw5 and DQw6 are
subdivisions of DQwl; DQw7 is a subdivision of DQw3.) At least two well-
defined haplotypes were defined for DR5: DRw1 I, DQw7, Dw5 and DRw 12,
DQw7, DwDB6 [ 10,11 . Nevertheless, the distinctions among DRw 13, DRw I1,
and DRw 12 have remained unclear when cells express either variant DR alleles or
the more uncommon DR/DQ allele associations (e.g., DRw 13, DQw7; DRwl 1,
DQw5; DRwJ2, DQw5).

The difficulty in defining DRw6 and DR5 is particularly evident when non-
Caucasian populations have been studied. This problem is acute in the American
black population where DRw6 and DR5 are observed at'a high frequency. The'
problem is compounded by this high frequency since many individuals express
two DRw6 and/or DR5 haplotypes. Many of the DRw6- and DR5-related haplo-
types in blacks have not been previously described and express ndefined

HLA-D specificities and unusual DR/DRw52/DQ associations. Alloantisera were
used to differentiate DRw 13, DRw I 1 and DQw6 variants and to demonstrate the
complexity of the serologic typing of these HLA alleles. To analyze these DRw6
and DR5 haplotypes further at the genomic level, four American black families
expressing six DRw6 haplotypes and five DR5 haplotypes were selected for
restriction fragment length polymorphism (RFLP) analysis. Using the Southern

- / hybridization technique with locus-specific probes, DNA restriction fragments
from these individuals were compared to DRw6 and DR5 homozygous typing
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cells (1-ITCs) defining the inore common DRw6 and DR5 haplotypes found in

northern European populations. The serologic, cellular, and RFLP data have
identified at least I I DRw6 haplotypes (DRw13A-DRwI3H and
DRwI4A-DRwI4C) and eight DR5 hapLotypes (DRwLIA-DRwllE and
DRwL2A-DRwI2C) in the human population. As compared to previously de-
fined DRw6 and DR5 haplotypes, the novel DRw6 and DR5 haplotypes observed
in American blacks may arise from differences in DRBI, DQAI. and DQBI
genes as well as from differences in the combinations of alleles of these genes
encoded by a haplotype. The evolutionary relationship between DRwI3 and
DRwI I is clearly evident in this analysis.

MATERIALS AND METHODS

HLA lyping. Lymphoctyes were separated from peripheral wliole blood on a
Ficoll-Hypaque gradient. Lymphocytes were typed for HLA-A, -13. -C, -DR, and
-DQ using the 10th IHWS alloantisera set as well as a set of alloannsera selected
from our own collection and from colleagues. HLA-A, B, C specificities Were
determined as described by Sullivan and Amos [12]. For the determination of
DR and DQ specificities, immunoglobulin-positive cells were selected positively
by using an affinity purified goat anti-human F(ab); monolayer after carbonyl iron
treatment to remove macrophages. Immunoglobulin-positive B cells were eluted
and the DR and DQ specificities analyzed by using a microcytotoxicity assay [ 133.

HLA-D region antigens were defined in primary mixed lymphocyte cultures
utilizing HTCs analyzed in IHWS and local typing cells [14]. Fifty thousand
responder cells were cc -bined with 5 X 10" gamma-irradiated stimulator cells
in triplicate cultures in 96-well U-bottom plates. After 4 days, each culture was
pulsed overnight with I j.Ci (5 Ci/mmol) of [H]thymidine and harvested onto
glass fiber (ilters [15]. Radiolabel incorporation was monitored by liquid scintilla-
non counting. Data were statistically analyzed using the 75th percentile double
normalized value according to Ryder et al. [ 16].

Lysostrippiig. The lysostripping technique was employed to determine which
class 11 molecule reacted with a given alloantiserum. Purified B lymphocytes or
B-lymphoblastoid cell lines (B-LCLs) were reacted with a monoclonal antibody

specific for either DR (L203), DQ (33. 1), DP (B7/21) [17], or P-2 microglobulin
(MB40.5) (Atlantic Antibodies, Scarborough, ME) for 30 min at 24°C to remove
(i.e., lysostrip) the given molecular subset of molecules from the cell surface,
temporarily rendering the cell unsusceptible to lysis by a second antibody directed
against that same molecular subset. The cells were washed twice in RPMI 1640
plus 10% fetal calf serum (FCS) and the cell count was adjusted to 2 x 10'/mi.
The cells were immediately tested by a standard microcytotoxicity assay using
dilutions of the test antiserum as well as using dilutions of alloantisera known to
react with DR, DQ, or DP as positive controls for the lysostripping procedure.

DRu'52 .vublnpiu, . DRw52 subtypes w.'ere determined by a combination of RFLP
analysis and T-cell clone typing. Haplotypes expressing DRw52b carry a 12-kb
Taql/DR133 DNA restriction fragment while haplotypes expressing DRw52a or
DRw52c carry a 9.6-kb Taql/DRB3 fragment [18]. T-cell clones specific for
Dw25 (DRw52b) and Dw26 (DRw52c), generated locally, were characterized
against the 10th IHWS reference panel of B-LCLs. DRw52a was assigned by the
presence of a 9.6-kb Taql/DRB3 fragment and/or the lack of stimulation of either
Dw25- or Dw26-specific T-cell clones. Methods for generating T-cell clones have
been previously described [19].
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TABLE I American black families used in the RFLP analysis

2015 a AZ C- B45 (O D- ORwil DRw52c COw5 OPwZ
b Aw33 Cw3 627 (w4) 0- DRwlI DRw52b DQw7 DPw3

1183 c A30 Cw8 87 (w O 1 DIw12 DRw52a DOw5 DPwl

Family d A32 CwS 8w64 (w) 0- ORwl3 DRwS2a DQW7 DPIw

004 1179 a/b AZ C- B45 (N61 a- DRwll D%62b DOw7 QP3
c A30 Cw8 87 (w6) NT DRwl2 DRws2a D(Qw5 ON!

1180 a A2 C- 845 (w61 1- DRI1 DRwS2c COw5 0Pw2
c A30 C- 87 (w6) NT ODwl2 DRw52a 0WS ON!

1181 b Aw33 Cw3 127 (w41 -D DRwil Rw52b DOw7 DPw3
d A32 Cw8 S"64 (E) D- Owl3 ORw52a DQw7 D!

2011 a All Cw7 B18 (w! 0w18 DRwl3.1 ORwS26 DOM DPw4
b A2 Cw4 035 (w6) 119 DR13.2 DRw52c DQw6 DP-

2009 a All Cw7 818 (wO Dw18 DRw3.1 DRw52a DO" DIw4
c Aw68 Cw6 Bw58 (w4) D- DRwll DRw 2b DQ- DP-Family

011 2013 b A2 Cw4 335 (w6) Dwl9 DRwl3.2 DRw52c DOw6 DP-
d A23 Cw4 Mw53 (w4) D- DRwI4 DRS2a DQwS P-

2012 a All Cw7 018 (w6) Dw 8 DRwl3.l DRw52a DOw DPw4
d A23 Cw4 M53 (w4) D- ORwl4 DRwS2a C4Qw5 DP-

2708 c 6w68 CwE 3w57 (w4 D- DRwI3 DRw52a DOW2 DPEI
d AwF8 CAM M &M (w4) NT DRwl2 DRw52b DQw5 OP-

Family

014 1066 a A2 C- 345 (wM) C- D Rw8 O7 DPwI
d Aw68 CwG 3w58 (w4) NI" DRw12 DRw52b VQw5 0P-

2710 b Aw36 Cw7 w58 (w4) - DRwl8 DRwS2a DOw4 NT
d Aw58 Cw 6 (w4) NT ORwI2 DRw52b DQwS NT

1129 c All Cw3 Mh55 (wI Dwl DR DMOw DMPw4
d Aw34 Cw6 w58 (w4) D- DRl DRw2b DQw7 OP-

1124 b AwM8 wO Bw5 (wE) C- ORwl3 MR52b )Ow7 OP-
c All Cw3 EES (WE) Dwl R QW5 OPw4

Family

021 1127 a A30 Cw4 Mw53 (w41 D- DRw DOw7 DPwI
c All Cw3 wS5 (w6) Owl OR! DQwS 0Pw4

1125 b Aw8 CO WS (W6- D- DRwl3 DRw52b COw7 DP-
d Aw34 Cw G w58 (w4) D- DRM! OI w2b DQw7 VP-

2717 a A30 Cw4 Mh53 (w4) D- DR& 7Ow7 DP-
c All Cw3 8455 (wE) OwDl CR1 DQW5 OP4

()I tl1C I1,31iuly nicmiixwrs used in dii. RIIi study arc lisc-d. Sii.c cIls v'xprcls'ing )wIS and
D-.~ N9 Arc know t xrss diitvrocti DR13 I ilVkS. dIVSV D)R .ilkks II.1vu. Nxil Jci.g~lutvt
I)RwI 3. I and I)RwI 2 (20.211. The halj'i ypes of the familv m'mlnirs uwd in the .'rol.."
tudyi de-strilwd in 1'ablks 3 and i4 and 00t listed he're arc: fanisly W i 9 I 5 (A 1 a i. I 1 4 h\.tidi.
1 198 l( h ). (fi ilm (1]. 2 0( i (A/): iimil 021: 1126 (I .).

A sp'c iltcac undcljicd 1iw our rcd.gcIIs is indiated as -. N''. no utC;d

IB-LCLf used in RFLP analysis. B-LCLs (Table 1 ) were established by transf'rnin,.z
peripheral blood lymphocytes with Epstein-Barr virus [22]. Purified B lympho-
cytes enriched by using magnetic beads coated with monoclonal antibodies to
remove T lymphocytes [CD7 (T3-3AI .J [23] and monocytes [CDII (OKM1)]
[24] were incubated with Epstein-Barr virus for 2 hr at 37°C and plated in 24-
Well plates ',0.25 x 106'cell/well) in RPM! 1640 supplemented wih 15% FCS, 15



mM HEJPES, and 50, ag/mi gentamycin. After transformanion, cel concen (rations
wvere maintained at 3 to 9 X 105 cells/mi. Transformed lines were HLA typed
after transformation to confirm their identity. HLA-D region HTCs used in thle
study were.- APD (DRwI3, DRw52b, DQw6, Dwl8), HHK (DRw 13, DRw52a,
DQw6, Dwl8), ARENT (DRwl3, DRw52a, DQw6, Dw1S), SLE-005 (DRvkl3,
DRw52c, DQw6, DwI19), EK/OH (DRwI14, DRw52b. DQw5. Dw9), AMALA
(DRwI,4, DRw52a, DQw,.7, Dwl6), IDF (DRwvl 1, DRxNv52b, DQ\\Y, Dw5), and
BM16 (DRwI12, DRwv52b, DQ\Nw7, DwDB6). These B-LCLs wvere obtained from
the NLGIMS Human Genetic Mutant Cell Repository, Camden, N.J. and thle I10th
IHWS panel.

Soutberu 'yrdnuinaams DNA (10 jug), p~repared as previously described
[251, was digested with restriction endonucleases (Taqi. I'V1.l I. BanHi.-l Bid Ii,
EcoRI, Hind ill, and PstI ) inI the appropriate buffers as dircted bw the mnanufac-
turer (New England lBioLabs, Beverly, MA). Restriction cndoniiclease-digested
DNA was electrophoresed in 0.81 ag.,arose gels in Tris-acecate-FDITA buffer and
was transferred to Genetran paper (Plasco, WXoburn, NIA) [26]. The fikcers were
hybridized with 10- cpm radiolabeled heat denatured probe as previously de-
scribed [253 and specific DNA fragments were detected by aucoradiography.
Densitomieter scanning w~as used to estimate thle Intensity of hybridization of thle
fragments. Families were used to allow thle assignment of DNA fragments to
hapiotypes based on segregation analysis. DRw6 and DR5 HTCs were included
for comparison.

cDNA probes encoding human DR3, DRa, DQJ3. and DQa chains Iiave
been described £25,273. The DRg short (DRf3 D") probe containing only the 3'
untranslated region was obtained from the full-length clone by digestion with
HindIll and EcoRl. Although this.3' probe used in the DR/3 RFLI' study hybrid-
izes to only the 3' untranslated region of the three DR/3 genes and not to the
coding regions, polymorphic fragments can be Identified wvhich correlate with
serologic polymorphism [28,291. In addition, using the V' probe, it was possible
to estimate the number of DRJ3 loci in each hapiotype and to simplify thle RFLP
patterns in the individuals studied. The DQae and D0J3 probes detect all of the
DQ genes [25]. DNA probes were labeled wvith a ['12 P3-deoxvc~'tidIne triphios-
phate (3000 Ci/mmol; NEN, Boston, MA) using random hexamner priming[3.

RESULTS

DRuw6 andl DR5 hap/otypes are founda at a high fetemyn- /'P/ the A ,,e"I"Can black
popu/aion. A total of 204 American black individuals from the WVashington DC
area, including 105 unrelated individuals and 1 7 families, h~ive been characterized
for HLA-A, -B, -C, -D, -DR, and -DQ. Thirty-two percent of unrelated Individuals
express DRw6 (26% express DRwv13 and 6% express DRwvl4) and 3017j of
unrelated Individuals express DR5 (25% express DRw~l I and 51"/( express
DRwv 1 2). Fifty-nine percent of thle DRwv6-unrelated Individuals and 821'# of the
DR5-unreiared individuals do not express an HLA-D specificity defined by our
reagents (i.e., not Dwv 18, Dwv 19, Dwv9, Dwv 16, or D,,5 ). I n comparison, only 81:(
of the DRwv6-posIcive Caucasoids and 1817r of DR5-posItuve Caucasoidson our
local cell panel express an undefined D specificity'.

Some DIu' / 3.D- hap/otypes can not be distingishee/ from DRivJ I hap/doivpes wh-e,,
DRB I DNA restriction fragments are airalyzed. Based onl thle population analysis,
four American black families (Table 1) expressing six DRw6 haplotypes (five
DRw I and one DRwv14) and five DR5 haplotypes (three DRw I I and two
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TABLE 2 Summary of the RFLP analysis of DRw6/5-related haplotypes in
American black families :ompared to related HTCs

4.3 3 . 09 14 $ - C l i IT

Ca" 6 o i i i $ i o 1 S . o n

W'TC APO AOL le"..+ < lllJ 0
r

arGl 0. Olk 0b o&
I~rtP 4l lyI 4 02 0 3303lb 4340 00•4 021s: 0334 04 013€ 0046 004 ,40l

90 . 2032 2033 10413 2104 Ilea l3s oll 3164 200e 1131 33ei o 0

4 4. 4i .4 1.8 5.4 5.0 0.$ 4.4 4. 4. S . 5. .. ..1 .. . ..I
6 . T3 32P 0+. Y6 0 94 0.4 9.6 32 32 9.4 0).45 4.4 12 32 32 .41 1?

.+.l 3513 1 . 4 , 4. 4.5 4.2 4.2 '.s 4.s 4.2 4.2 4.S 4.0 4.5 4. 4.s 4.2 4.s

64_I 3+2 3.2 03 4.0 4.3 4.3 3,4 4.3 3.4 4.3 0.4 4.5 4.1 4.1 '.4 3,4
033 7.5 3 .0 1.5

10 1 19 19 all s 0 I 1( II $1 19 Is i9 7. is XT Is is

1.4

-d I I I .0 8.0 4.0 03 4.4 0 4I "T NT 1.0 .0 .0 4.4 6.0 NT 8.0 o I

42*144' tsIl 35 31 35 340 4.2 4-. 9I 1. . 4 i 1 5 1- 4. 1 .0 4.1 4.3 . 1:
2.3 .

4.0 6.0 5 .4 0.3 4.3 4.3 3.4 4.3 0.4 4.3 5..0 5.3 4.0 4.3 3.41 3.4

T10' 2. o 2.0 2.0 3.4 .0 3.4 2.4 oI .4 1. .0 3.4 1. 3.1 2.4 2.4
2.0 2. 3. .4

CI l t 11 33lot e 4 I C ¢ F 6 & S C A C al

Sizes of poln-orphic )NA r-striction fragments associated with the haplotypes are listed. Family number.
haplotvpe. and a representative cell are indicatcd for each column (e.g., 01 a = "a' haplotype of family 011
expressed by cell 2012. Haplotyyes are delned as DRw l3A-DRwl3G, DRwl4A-DRw I 4C, DRw% IIA-DRwl ID.
and DRwl2A-DRwi2C based oil serology. HTC typing. and RFLP analysis. Serologically defined haplot-pes
DRwI :;14 and DRwI IE are not listed in this table since sufficient family members were not available for RFLP
analysis. HTC ARENT gives the same restriction fragment pattern as HTC HHK with the exception of the DQA2
gene. The DRA restriction fragment from SLE dilfers from that found in family 011 [indicated by () in this table].
A Taql/DMfl fragment. observed at .. ? kh. is shared by all cells. Based on intensity. DQw7-positive cells appear
to carry a second fragment also migrating at .? kb (indicated by )

NT. not tested.

DRw 12) vere chosen for RFLP study. Southern blot hybridization was used to
identify polymorphic DNA restriction fragments associated with several unusual
DRw6 and DR5 haplotypes found in the families, to measure the allelic polymor-
phism within the DRw6 and DR5 haplotypes and to analyze evolutionary related-
ness among class I I alleles. The RFLP data will be discussed in terms of haplotypes
(e.g.. DRw 13A, DRw I I B) as defined by serology and cellular and RFLP analysis
(Table 2).

In the comparison of DR8 .gene fragments among families and HTCs,"at leasi -

two different DRwl 13-associated DRBI gene fragments were detected (Fig. 1.
Table 2). The first fragment, a 5.9-kb fragment, is associated with the novel
DRwI3 haplotypes found in American blacks (haplotypes DRwI3E, DRwI3F
and DRw I3G) and with the DRw l I haplotypes. (This fragment is also exhibited
by cells expressing DRwI8 [27 1.) The second fragment, a 6.8-kb fragment found
in all of the DRw13 HTCs (haplotypes DRwI3A, DRwI3B, and DRwI3C) and
DRw 14 HTCs (haplotypes URw 14 A and DRw 14 B), is associated with DRw 13B,
DRwI3C, DRw13D, and DRwl4C haplotypes expressed by the families.
(DRwI3A is not expressed by the families under study.)

All of the DRw 1 and DRw 12 haplotypes from the American black families
carry the same sized DRB I fragments (5.9 kb for DRwl I and 4.1 kb for DRwI2)
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DR BETA (q 1)

RTC FAMILY 004 FAMILY 014 HTC FAMILY Oil FAMILY 021
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FIGURE I Southern hybridization .mnalysIs of DRw6/5-rcL(tcd haplotypcs in scv ral
American black families. Genomic DNAs were digested with TaqI and probed with a DR/3

3' probe. HTCs: lane I = I DF (DRw I 1,Dw5), lane 2 = BM 16 (DRw 2, DwD36), lane
3 = APD(DRwI , DwlS), lane 4 HHK(DRwl3, DwlS), lane5 = ARENT(DRwI3,
Dwl8), lane 14 = SLE-005 (DRw13, DwI9), lane 15 = EK/OH (DRw 4, Dw9), lane
16 = AMALA (DRwI4, Dwl6), lane 17 = ARENT (DRwI3, Dw18). Family 004 : lane
6 = 2015, lane 7 = 1183, lane 8 = 1180, lane 9 = 1179, lane 10 = 1181. Family 014:
lane II = 2708, lane 12 = 1066, lane 13 = 2710. Family O1l: lane 18 = 2011. lane
19 = 2009, lane 20 = 2013, lane 21 = 2012.'Tamily 021: lane 22= 1129, lane 23 =
1124, lane 24 = 1127, lane 25 = 1125, lane 26 = 2717. Families wer- used to allow the
assignment of DNA fragments to haplotypes based on segregation analysis. For example,
in family 004 (lanes 6 through 10), the father (2015, a/b) (lane 6) carries a DRw52b(DRB3 )-
associated 12-kb fragment (18] not observed in the mother (1183, c/d) (lane 7). This
tragment is observed in siblings expressing the b haplotype and not in a sibling expressing
the a haplotype (lane 8), thus assigning this fragment to the b haplotype. The remaining
haplotypes in family 004 encode DRw52a (c,d haplotypes) and DRw52c (a haplotype)
alleles, as defined by T-cell clone typing, associated with a 9.6-kb fragment. The dosage of
the DRw52a/c alieles is reflected in the intensity of the DRw52a/c-associated 9.6-kb band.
The summsation of the intensitry of the 12- and 9.6-kb fragments from the father is similar
to the mother and sibling 1180 carrying two doses of the 9.6-kb fragment. In a similar
manner, the DRB I fragmcnts at '. 1 and 5.9 kb have been assigned to the c (4. 1-kb) and
a/b/d (5.9-kb) haplotypes. The shared 2. I-kb fragment carried by all HTCs and individuals
expressing DRw52 haplotypes is likely the DRB2 pseudogene.

as the reference H-1TCs. Although several additional restriction enzymes (EcoRl,
HindlIl, Pstl, and BamHl) were used in a pilot study using family 004 which
expresses DRw 1 3, DRw 12 and two DRw II haplotypes, none of the enzymes
revealed the polymorphism present within the DRw6 and DR5 haplotypes as
detected with Taql (data not shovn).

DRu,13 aid DRu' I raria ts are obseri ed u.,ing a series of a//oauhisera. The serologic
reaction patterns for DRwl3, DRw I, and DRw12 for the four black families
studied by RFLP analysis, as well as unrelated black individuals, are defined in
Tables 3 and 4. (-lls tic grouped based on thcir HLA-D type, DR and DQ
serologic patterns, and their family association. The serology was used to identify
variant alleles and to demonstrate the difficulty in defining DRw6 and DR5 alleles
in the American black population.

DRw13 is clearly defined by IHWS sera 1133, 1126, 1124 (Table 3) except
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TABLE 3 Serologic reaction patterns for DRwI3, DRwI2, DQwI, DQw5,
and DQw6 alloantisera for family members and representaidve
unrelated American blacks.

CELLS ANTISERA

ORwll ORwl DRwl3 OQ(l DQ" OQw5

G F GG I
R A C i..s . . ..... .... A L 0
0 I HLA TYPE I I C D A E 9 9 1 11 1 1 7 B I I
U I 4 I1AOCWL 90 1 1 1 1 1 6 E 12
P L 1 1 3UO 1B 9 5 322 56 P L 8 1
S Y 10 Ow ORw ORw OQ 3 4 7 C L L Y 9 0 3 6 4 3 2 A L Y C

44 18.2 13.1,15 52a w6 1 1 4 2 1 1 1 1 1 ' 6 6 6 C 8 1 1 1
I Oil 2012 18.- 13.1.14 52a.52a w6,.5 1 1 1 1 1 I I 1 i 8 6 6 6 6 C 4 6 C

011 2009 18.- 13.1,11 52aS2b w6,- 8 8 6 6 8 8 8 1 I 8 6 6 6 E 8 1 1 6

2 OIl 2013 19.- 13.2,14 52c.52a w6.w5 I 1 1 1 1 1 1 I 8 6 4 6 6 2 8 6 6
265 19.2 13.2.15 52c w6,w6 1 1 2 P I 1 1 1 8 6 4 6 8 1 1 i 1

3 1233 -,- 13.1 52c w6.w5 1 1 4 1 1 1 1 1 1 8 6 6 8 B 8 8 8 8

1235 -,- 13,7 52c.53 w5.w2 1 1 2 2 4 1 2 1 1 8 8 8 6 6 1 6 4 6
4 1242 -.T 13.12 52c W5 1 1 1 2 1 I 1 6 b 6 4 6 6 6 1 0 4 6

1083 -,- 13.9 52c,53 wSw2 1 1 2 1 1 2 I 2 2 8 8 6 6 6 1 6 8 8
1560 -,- 13.17 52c.52b w5.w2 1 1 1 I I 1 1 1 1 8 8 6 6 6 1 0 6 6

021 1126 -.1 13,1 52b w7Tw5 1 1 2 1 1 1 1 ! 1 8 8 8 8 6 1 6 6 8
5 021 1125 -.- 13,11 52b.52b w.w 8 8 8 8 8 4 2 1 1 8 8 8 1 1 1 1 1 1

021 1129 -.1 11.1 52b w.w5 8 9 B 8 8 2 1 1 1 8 8 8 8 8 I 6 6 8

014 2710 NT.- 12.18 52b.52a wS.w4 1 1 1 I 1 1 1 8 8 1 1 4 8 6 1 6 6 L
014 1066 NT.- 12.8 52b w5,w7 1 1 I I 1 ! 1 8 8 4 4 4 8 6 1 8 6 6
014 2708 -.NT 13.12 52a.52b w2.w5 1 1 B 8 6 1 2 8 8 8 6 8 6 8 1 8 8
014 2704 -.- 13.8 52a w2.w7 1 1 8 1 1 i 1 1 6 2 6 1 1 1 1 1 1

6 004 1183 -.NT 13.12 52a.52a w7.w5 1 1 8 8 4 1 1 8 a 8 8 8 0 8 1 8 8 a
004 1193 -.- 13.11 52a.52c w7.w5 8 8 8 8 8 8 8 1 1 8 8 C 8 8 1 6 4 8
004 1198 -.NT 11.12 52b.52a w7,w5 8 8 8 8 888 8 8 8 8 8 8 1 8 88
004 1181 -.- 13.11 52a.S2b w7,w7 8 8 8 8 8 8 8 1 2 8 8 8 1 1 1 1 1 1
004 1195 -.NT 11.12 52c.52a WS.w5 8 8 8 8 8 8 B 8 8 1 1 6 B 8 1 6 6 8

HLA sp.cifiitics arc liscd in i' order of haplflvi.' S'.4Ki.U') lir family ncmh.'rs Isc TAl" I) an,d h 'r

genotyped (*) individuals. Additonal family members are inciu,cd it allow idi.-,fIcation tof the scrol(w p~arn
by Segregation analysis.

- indicates an HLA speoficty undefned bv our :eagcnts. NT. not wsc.'d ". 141t IHWS allcamisera. The numbi-rs
in the botly ofhe table indicate (he strength of the cytooxi rea tio n -- ' 8 -I I ()"' t v04*Ak1IV' ( -Si '

-4 = 2'; -50-;. 2 = I V7;-20"i, I = 0. - IO):O = noi (estcd).

when the sera are tested with cells which express the DRw l Iv slccificiy as
described below. A variant DRw 13 allele may be expressed by cells in group 6
(Table 3). In addition to reactivity with DRw 13 alloantisera, these cells react
strongly with two DRwI 1 alloantisera (CC43"7 and DUC) arid weakly with one
DRwI I alloantisera (GHDCOL), suggesting that these cells may express a DRw 13
variant (DRw I 3v l) which shares serologic determinants with I)Rw i I.The subdi-
vision of DRw13 by serology parallels the two DRwI 3 alleles dclined by RFLP
analysis of DRBI fragments, with the exception of the DRwi 3G haplo)p PC.

DRwI I can be clearly defined using alloantisera 1113, 1114, CC4_.7, DUC,
and GHDCOL (Table 4). Two alloanrisera, GHAWII and SELBY. reproducibly
do not react with some DRwI 1-positive cells discriminating group I (negative
with the alloantisera) from group 2 (positive with the alloantisera). Since DRw I I -
positive cells in group 2 are associAted with DQw5 or DQw7, this reactivity
pattern is most likely derived from detection of the DRwI I molecule and suggests
the presence of a DRwl I variant (DRwI 1) in group 1. This variant DRwl I
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I'ABLI- is SCrohLozc reaction patterns for faintly members and representative
unrelated American blacks wvho illustrate the two DRwl I
subtypes detected by serology.

CELLS ANTISERA

ORIWl ORwl3

G F GG
R A "C H H
0 M HLA TYPE I I C D A E 11 1
U I _ 11 4 CWL 111
P L 113U 01 B 322

S Y ID Dw DRw DRw DQ 3 4 7 C L L Y 3 6 4

021 1125 -,- 11.13 52b,52b w,w7 8 8 8 8 3 4 2 8 8 8
1 021 1129 -.1 11,1 52b w7,w5 8 8 8 8 8 2 1 8 8 8

1555 -,- 11,8 52b W7,w6 B B B 8 8 1 1 8 8 B
1563 -.- 11,18 52b.52a w7,w4 8 8 8 8 8 1 1 8 8 6

1553 5.- 11 52b w7,w6 8 8 8 8 8 8 8 6 2 1
2 1147 NT 11,7 52b,53 w7,w8 8 8 8 8 8 8 8 1 1 1

004 1195 -.KIT 11,12 52c,52a w5,wS 8 8 8 8 8 8 8 1 1 6

SC -1 Able i for exi larion of ter~mlot)1qgy

p-mrcrn was confirmed using an additional 1) unrelated 1)Rw I I black individuals
(data not shown). HLA-DRw I I v-positive cells (Table -i. iroup I ) also exhibit
positive reactivity with the DRw 13 alloantisera. This cross-reactivity suKgests that
the DRw I I v carries DRw 13 epitopes.

Cell 1 198 (DRw I I,w 12) (Table 3) does not fit into any one of the two DRw I
serologic patterns being detected mith both the DRwJ Ik (GHAWIL, SEL3Y)
and the DRw 13 alloanrisera and, thus, represents a third serologic pattern. Two
alternative explanations may explain this reactivity: (1) cross-reactivity of tech-
nique-dependent alloantisera with a cell heterozygous for two serologic specific-
ities similar to DRw13 (DRwI l,w 12) or (2) a third DRwI I serologic pattern
defining another DRw I I variant. Since all of the haplotypes in this family are
DR5 or DRw6, segregation analysis is uninformative. Indication that the first
explanation may be true is the weak reaction observed with cell 1125
(DRwI Iv,w13) with the DRwI Iv alloantisera and cell 1195 (DRwI l,w12) with
DRwI 3-specific alloantiserum 1 124. This underscores the difficulty in typing
individuals who are heterozygous for these closely related )R alleles.

DRw 1 2 is clearly defined by the l()th IHWS monoclonal antibodies 9999 and
9050 (Table 3) as well as by DRwI2 + DRw8 alloantiscra (data not shown);
however, no additional DR variation was detected. Since on\, multispecific alloan-
tisera were available to define I)Rwl-4 it wds not possible to examine DRw 14 for
further serologic subdivisions.

DRu6 and DR) allele. are a.,oriated uih variou.i DRu'52 alllef. Taql/LRB 3
restriction fragments at 9.6 kb and/or 12 kb were found in all I)Rw52-positive
individuals studied and correlate with the DRw2a/b/c assignments made by T-
cell clone typing (Fig. 1, Table 2). DRwI,3 is found in association with DRw52a,
DRw52b, and DRw52c. DRwi4 is found in association with DRw52a and
DRw52b. DRwI I is found with DRw52b and DRw52c, DRwI2 is found with
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DRw52a and DR~v5 2b Even though the distinction between DRw5 2a and
DRxv52c could not be made using Taqi, cells expressing DRwv52c carry a 16.5-
kb Pvu1 l/[)R/ fragment that is not observed in cells expressing l)Rw52a or
DRw52b (data niot shown). This fragment was detected in cells thiat typed as
DRwk52c positive using a T-cell clone reagent and is found in association wvith
haplotypes DRw% 1113B, DR\,, I 3C and .DR\\I13D. [An additional haplotype,
DRwl 31-i (ccll 1233 In group 3, Table 3) carrying DRw1 3, DRw52c, DQw-.6
(IA76PA-positive), D- also exhibits the 16.5-kb Pvull/DRf3 fragment. I Interest-
nglv, the expression of 1)Rw52c by more than 601,- of -,v 3L-iniidul

and byv one 1\ H\ w I I -p(s )S I vcy haplot ype 5u~tge5 ts t hat theI( h v p( )bcsi s t hat 1) R. w 5 2(
.1 \'..I s,,(),- .1 ted with DRI) 1 3,~I Dw 1 9 [ i 11 only applies to ) o~ S(p )iflu [()t (M

cLro iips. Likc\'.s, I)R and DRw 1 2 aie not always ass)ci ated with I)Rw5 2b,

ORA . A.s prevnusl v observed f-32], DRA Bg.il I fragments correlate well with

a ~1 9 kb r tu~n is associated with the DRwS,2a allele (Table 2). w5-
positive b)lack Individ uals carry a 4.5-kb fragment (in haplotypes Dw131
DR\\, 131), and [Rw I I13) while the DRwv52c-positive DRN% 13 HTC (SILL-005,
haplotvpe 1)H~w I ;(" Carrires a 4.2-kb f-ragment. The association of L)RwS%2c with
either BglIl/ 1)H A polymnorphic fragmient Implies that aI reciprocal gene rcomnbi-
nation betweeni DR133 and DRA may' have generated these combinationIs.

DRu'l3 amnd DRul1 I are a.t.(oti'ate'- wi'th multiple DO speijiciie.1. )Rwv 13 Is associ-
ated with DQwS., DQw6. and DQw7 (Tabli 2) in contrast to thle DR\%, I) QwO
aIsso)jciatonl C0A1mm( mly observed in Caucasols [8]. Most of tile American black
Individuals who type as [)- exhibit the less common DQ associations. Two out of
27 unrelated 1)Rw I3-positive Indlividuals on thle p~anel (70/%) express a DQ.-7-
associated] [)Rw 13 haplotype which has been found In 2%'V of DRw1I3-positivc-
Caucasoids [ 8 J1. lhe 1)Qw5- and DQwv2-associated DRw 13 haplotypes have. not
been reported previously. The DQw5-associated DRw 13 haplotype is found in
227W of the DRwv I 3-p)ositrive American black panel and predominates (46%)
among the DRw 13 Individuals typed as HLA-D-. The DQw2-associared haplotype

is oun inI 7of he ame panel. DR~v 14 is most frequently found in associatio
wvith DQw,,5 on thle paniel as It is in the Caucasoid population [8].

In thle American black cell panel, the DR%% I I alleles are found associated with
DQw5 and DQwv7 alleles. DRw I I may also be found in association with DQw6
(cell I155.3 in Table 1), however, an informative family is not available to confirmn
this. This haplotype (DRw I I .DQw6) has been reported [HTC FPA. 10,331 and

ideignated haplotype DRwv I I-.-. (This haplotype was not analyzed for R ELl
The I)R\- I I v (Table 1, group I1) has been observed only in association with
DQw7. DRwv I Iis also found In association with an undefined DQ allele, I)Q-
(cell 2009), in one family (fami'y ()1I1). This 1)Q- allele exhibits an unusual
ser )logic pat-ern with 1)Qw\2 and DQw3- alloantisera in family segregation analysis
(data not showni). Previously, 1)Rw I I was thought to be primarily associated wi th
I)Qw7. 1)Rw 1 2 Is associtd with DQ-,v5 in American b)lack individuals as it Is In
South African blacks j 8,.311. In1 populations of northern European background,
DRw I 2 is found primarily' in association with DQw7 [8).

Aeld111i011al DQ ~lici i,1 deae'd ,'. ng RLP aiia/vjtt. Thle pol y' iorp~hisims of thle
DQa and DQJ3 regions of thle DRw6 and DR5 haplotypes were analyzed using
the same American black families (Table 1) and HTCs as in thle previous DR3
RFLP section. DQct and DQ/3 probes and a series of restriction enzymes were
Used In this study.
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FIGURE 2 Southern hybridization an.ialsis of')Rw,6/5-rclarcd haplorylpcs In four Ame:r-
iCaM black families. Genomic DNAs wcrc duigsccd widi raqi and probed wth a )Q,'
probe. HTCs and families are described in Fig. i. tARENT, a DRw 3, D: 18 HTC, carried
both DQA2 ,gene fragments (1.8 and 2.0 kb) imnplying Iiterrozygosity III the )QA2 gene. I

DQx. In a comparison of the DQa-associated TaqI gene fragments among differ-
ent families and HTCs (Fig. 2, Table 2), gerw fragments specific for each DQ
serologic specificity were detected. Two different DQw5-associated DQA I RFLP
patterns were observed. The first pattern exhibiting both 3.4- and 2.4-kb frag-
ments is found in DQw5-positive DRw 14 (haplocypes DRw 14A and DRw 14C),
DRw 12 (haplocypes DRw 12B and DRw 12C), and DR I individuals (Fig. 2). The
second DQwS-associated pattern consisting of a 5.9-kb fragment is associated
with the DRwI 1-associated DQw5 (haplotype DRwl I B). Two DQw6 patterns
were identified. The first, a 5.9-kb'fragment, found in haplotype DRwI3C, is
shared with the DQw5-positive DRwl I haplotype (DRw I 1B) suggesting the
relatedness between these DQAI alleles. A second DQw6-associated DQA1
gene fragment, a 6.5-kb fragment, is associated with DRwl3A and DRwI3B
haplotypes.

A 4.3-kb DQw7 DQA 1 gene fragment is found in all of the DRw6 and DR5
individuals and HTCs carrying DQw7. [A second pattern consisting of'a 5.7-kb
fragment is associated with the DRw8, DQw7 haplotype (families 014 and 02 1)].
The 5. 1 -kb fragment associated with DQw2 is also found associated with DQ-
(haplotype DRwl IC) although DQ- differs from DQw2 when other restriction
enzymes (EcoRl, HindIll, and Pstl) are used.

Based on previous studies [32], 2.0- and 1.8-kb Taql fragments encode thec
nonexpressed DQA2 gene, and either one or both fragments were carried by all
HTCs and individuals investigated (Fig. 2, Table 2). The RFLP patterns obtained
using EcoRl, Hindill, and Pstl restriction enzymes showed DQa gene fragmcnts
assoCaawd with DQw 1, DQw2, and DQw3 alleles but did not show polymorphism
within each DQ specificity cluster (Table 2).

I)Q(3. Using a DQJ3 probe and the BamHl restriction enzyme, polymorphism
was detected at the DQ/3 loci (Fig. 3, Table 2). Two different DQw6-associated
DQ,8 gene fragment patterns were identificd. One pattern consisting of fragments
at 3.2 and 7.5 kb is associated with DRwl3A and DRwI3B haplotypes. The
second pattern, a single 7.5-kb fragment, is associated with the DRwI 3C haplo-
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FIG~URE 3 Southern hvrdzt r nhsh fD~6)r ~llaj~Opeoyps in) lour Amer-

lI VCs and failes are described in .

ty'pe. Although the possibility cannfot be ruled out chat these polymorphic frag-
ments have originated from the nonexpressed DQ132 gene, this seems unliko-ly
since the DQ132 gene appears to be conserved [351.

BamHl/DWf gene fragments specific for the DQ-. wv2, wv5, and wv7 serologic
specificities were also detected. A 4.5-kb fragment is associated with DQw2 and
DQ-, although DQ- differs from DQw2 when Taqi is used (7.2-kbTaql fragment/
DQw2 and 3.9-kb TaqI fragment/DQ-). Using Taq1, DQ,8 gene fragments specific
for each DQ supertypic serologic specificity (DQwI, DQw2, and DQw3) were
identified. However, discrimination between DQw6 (expressed by haplorype
DRwI3C) and DQw5 (expressed by haplotypes DRwI4A, DRwI4C, DRwI2B,
and DRwI2C) alleles was not possible since both groups share a 5.7-kb DQ,8
fragment (Table 2). RFLP patterns using other restriction enzymes (Pvull and
EcoRl) and family 004 in a pilot study did not show any additional polymorphism
(data not shown).

Tuo DQu'6 rariawts are ahvo e/etecid usiilg alloati.era. The serologic reaction
patterns for DQw 1, DQw6, and DQw5 are shown in Table 3. DQw5 is defined
by reactivity with alloantisera BELL. LEIBY, and 01210. DQw6 is defined by
positive reactions with I HWS DQw I sera (1153, 1162) and negative reactions
with DQw5 sera. HLA-DRw I .- positive cells, which type with HTCs as Dw IS or
Dw 19 (groups I and 2), are associated with DQw%'6. One alloanciserum, IA76PA,
reacts with DRw 13, Dw 18-positive cells (group I) but not with DRw 1 3, Dw 19-
positive cells (group 2). Lysostripping was employed to identify the class !I
molecule recognized by alloantiserum IA76PA. Results of lysostripping using
monoclonal antibodies specific tor DR. DQ. DP and (3-2 microglobulin indicate
that alloantiserum IA76PA reacts with DQ molecules and not with DR or DP
molecules (Fig. 4). This ability to discriminate between DQw6 associated with
Dw 18 or Dw 19 was confirmed in a larger sample (11 unrelated inflividuals)
expressing HLA-DwI8 or Dw19 (data not shown). Several unrelated DRI 3.,D-
blacks represented by cell 1233 (DRw13, DRw52c, DQw6, D-) are also positive
with alloanciserum IA76PA defininggroup 3 in Table 3. This defines haplotype
DRwI3H. (This haplotype could not be studied by RFLP analysis because an
informative family was nor available.) The DQw6 subdivision parallels the split



2 14 K. W. Lee et al.

* ~ M840.5 (&3m)

8 *L203 (DR)
]33.1 (DO)

CL 711(P FIGURE 4 The cymotoxic titers following lys-

53 ostripprng with the Indicated monoclonal anti-
bodies are illustrated a ' arepresentative
DRw13, DRw52a, DQw6, Dwl8-positive cell

2and alloantiserum IA76PA. Results are also
2 shown for a DRwl3-specic alloantiserum,

C4 1113. The monoclonal antibody M1340.5 is spe-
cific for (3-2 microglobulin and will "strip" HLA-

O~ 1A. -B3, and -C molecules from the cell surface.

DOwd DRwl3.w11
P1A76 PA) (Lamprier)

dctincd using the DQa and D0J probes and corrclates,,viti cDNA sequence data
161O defining two different DQN%6 molecules associated with these haplotypes.

DISCUSSION

This study demonstrates the diversity of DRx\6 and DR5 haplotypes in American
blacks using serology, HTC typing, and RFLP analysis. The similarity between
DRw 13 and DRw I 1 DRB I alleles in nucleotide sequence and the historical
association of DRwI4 and DRw12 with these alleles provide a rationale for
studying DRw6 and DR5 haplotyp -s a-, a single group. In addition to the DRw6
and DR5 haplotypes, which are already well defined and represented by HTCs
(haplotypes DRwl3A-wL3C, DRwi4A-wv14B, DRwI [A, and DlwIMA, 5
DRwI3 (DRw13D-wvl3H), 1 DRw14, 3 DRwlI 1(DRwvl B-wi iD). and 2
DRvwl2 haplorypes were identified. These newv haplotypes were defined in a
relatively small sample size (57 DRw6- and/or DR5-positive individuals out of
105 unrelated black individuals). This level of diversity Is extremely high and is
the result of variability at the level of the allele and at the level of the haplorype.

Potentially, at least two new DRw 13 alleles were identified in this study. Unlike
DRw13:' HTCs, cells expressing DRwI 3E, DRwlvl3F and DRwl3G haplotypes
exhibit a DRw [1I-like 5.9-kb Taql/DRI3 I fragment (Table 2) although they sero-
logically type as DRw 13. [A similar fragt ha beidniIedi h T
HAG (DRN 13, DQw7) using Taql and a DR,6 probe [37].] The DRw13E and
DRwlI3F haplotypes (Table 3, group 6) showv a unique pattern of serologic activity
reacting with twvo out of seven DRw I I alloantisera in ad(Iition to DRw 1 3 alloanil-
sera, sug:gesting that they encode at new DRw13I.' variant (DRw13vl). Although
the DRwNl 3 serologic reactivity pattern was indistinguishable from DRwl3 refer-
ence cells (Table 3), haplotype DRw I3G show~s die same DRA, DRBI1, DRB3,
DQa. and DQj3 RFLP fragments as the DRw I I A haplotype (HTC IDF) (Table
4). This suggests that tuis DRwI3 allele may be a second new DRw13 variant
(DRWx I3 W2). These two DRw 13 variants may have been generated by gene conver-
Sion events affecting the DRwl I haplo'hype and resulting in the loss of some
of the DRwLI I serologic determinants and the acquisition of DRw 13 serologic
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reactivity. Similar events have been postulated to generate the DRw 1 7 [20] and
DR'BON' [38] DRBI alleles.

While the serologic data suggest at least two subtypes of DRw I I are present
in the black population (Tables 3 and 4), no variation was observed in the DRwl 1
DRB 1 RFLP pattern (Table 2) in this study. These DRw I subtypes may correlate
wifh some"of"the DRwl I micrdvariant" i'detitifiecfby cDNA sequenci4g..J39,4O.-?..
41]. Gene conversion may also have given rise to the DRwl Iv allele which
exhibits a serologic reactivity pattern similar to the DRwl 3 variants. It is known
that one DRwl I allele defined by cDNA sequencing shares the third variable
region with DRwl 3 [39], which could produce the observed serologic reactivity
pattern. Thus, the DRwl3v and DRwllv alleles associated with DRwI3E.
DRwI3F, DRwvl3G, and DRwllD haplotypes represent a bridge between
DRwl3 and DRwl 1 in the evolutionary pathway of the DRw52 family.

Polymorphism was not detected in the DRBI alleles from the other DRwI13
haplotypes (DRwl3A-wl3D) and all DRw14 haplotypes (DRwI4A-wl -iC) us-
ing serology (Table 3, groups 1-4) and RFLP analysis (Table 2), although micropo-
lymorphism of DRB I has been identified by cDNA sequence analysis [20,21,39,
42]. In the DRwl2A-wl2C haplotypes, polymorphism was not identified in
tWe DRB I locus by either serology or RFLP analysis (Tables 2 and 31. This was
not unexpected since only a single DRwl2 DRBI sequence has been reported
[43].

DQ alleles also showed previously undescribed polymorphism. A potentially
new DQ allele (DQ-) in haplotype DRw1 IC was identified by serologic typing
and confirmed by its association with unique RFLP DQa and DQ/8 fragments
(Table 2). Moreover, the DQw5 allele associated with haplorype-DRwI 13 exhib-
its a new DQa and D0J3 combination exhibiting a DQa fragment found previously
in cells expressing DQw6 and a DQf fragment previously found in cells expressing
DQw5. This combination may have been generated by reciprocal recombination
between DQA I and DQB1 alleles, events postulated to generate some of the
DQw3 [441 and DQw4 [251 afeles.

These DRw6 and DR5 haplotypes, specifically DRw 13 and DRw 11, contain a
variety of combinations of DRB I alleles with DRB3, DQA I and DQB I alleles.
Since both DRw52 and DQ molecules may play a role in the mixed leukocyte
culture defined HLA-D specificity [45,46], it is likely that the undefined HLA-D
specificities detected in the DRw6 and DR5 haplotypes arise from different DR/
DRw52/DQ allele combinations compared to haplotypes defined by HTCs. as
well as from differences in the DRBI-encoded molecules. For example, the
DRw14, DRw52a, DQw5, D- haplotype(DRwl4C) encodes DRw52a in contrast
to the previously described DRwI4A haplotype (DRwI4, DRw52b. DQw5.
Dw9). Since the DRwl4C haplotype shares DRB 1, DQa and DQ13 DNA restric-
tion fragments with an HTC expressing the DRwI4A haplotype and is serologi-
cally identical to this HTC, it is likely that the DRw52 allelic difference between
the DRwlIA and DRwI4C haplotypes may produce the undefined HLA-D
specificity found in the DRwI4C haplotype. Likewise, the undefined HLA-D
specificity in haplotype DRw 1 IC may be due to the association of DRw I1 with
DQ- instead of the usual DQw7 allele. Haplotype DRw 13D is another example
where the only recognizable difference between this haplotype and thcDRw I 3C
haplotype appears to be a DQ difference (DQw5 versus DQw6). Confirmation
of these predictions using cDNA sequence analysis is currently underway.

These data-the association of DRw6 and DR5 alleles with many of the DQ
and DRw52 alleles-suggest that A high rate of reciprocal recombination was
involved in generating these haplotypes. Thus, historic recombinations are postu-
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ited to have occurred between DRA and DRB3 (e.g., haplotype DRNNl3C),
DR133 and DR1 (e.g., haplotypes DRwLI3A/wlI3B and DRwI2B/w12C0, DR13 I
and DQA 1 (e.g., haplotype DRwiA 2A/' 1 2C, and DQA I and DQB I (e.g., haplo-
rype DRwLII B).

In addition to the serologic and RFLP similarities observed between 'DRw13
an4 .DR-wl I.Aieles ;the .high~frequeacy of hevtrozygotes expre6ssihg i,6DRwO"'
and/or LiR alleles (due to the high frequency of DRw6 and DR5 haplotv .pes in
American blacks) increases the difficulties encountered in serologic typing of this
population. This situation is compounded by the diverse combinations of class 11
alleles encoded by a haplotype so that a common DQ or DNw52 association
caanot be used as an aid in specificity assignment. HLA typing is critical In the
American black population where the high risk of hypertension frequently~ leads
to end-stage renal disease [47], for which the therapy of choice is kidney' trans-
plantation. Therefore, precise characterization of DRw6 and DR5 haplotypes in
tile American black population anti the development of new typing protocols
utilizing multiple typing techniques Is Important in improving long-term graft
survival in this population.

AC.KN( )WLEDG MENTS

Tis stud), %as supported by NIH A123371 and ONR N0001-4-83-K-04 10. We would
like to thank members of our laboratories for their assistance in the procurement of cells
and tile serologic and cellular typing.

REFERENCES

1. Schwartz R: T-lymphocyte recognition of antigen in association wvith gene products of
the major histocompatibility complex. Anti Rev Immunol 3:23 7, 1985.

2. Bach FH, Sachs DH: Transplantation immunology. New~ Engi J Med 317:489. 1987.

3. ToddJA, Acha-Orbea H, BelIJI, Chao N, Fronek Z,Jacob CO, McDermott M. Sinha
AA. Timmerman L, Steinman L. McDevitt HO: A molecular basis for MI-C class 11
associatcd autoimmunity. Science 240:1003, 1988.

,J. BrownJHJardetzyT, Saper MA, Samraoui B, Blorknnan PJ. Wiley DC: A hypothetical
model of the foreign antigen binding site of class 1.1 h'istocompatibilitry molecules.
Nature 332:845, 1988.

5. Rollini P, Mach B, Gorski J: Linkage map of three HLA-DR #~ chain genes: Evidence
for a recent duplication event. Proc Nat! Acad Sci USA 82:f,197, 1985.

6. Bodmer \VF, Albert E, Bodmer JG, Dupont B., Mach B. Miavr WR. Sasazuki T,
Schreuder GMIT. Svejgaard A, Terasaki PI: Nomenclature for factors of thie H-LA
system, 1987. In Dupont B (cd): lmrnunobiology of HLA. HistocompatibIlIty Testing
1987. New York, Springer-Verlag, 1989.

-. GorskiJ, Irle C, Mickelson EM, Sheehy MIJ, Termijtelen A, Ucla C, Mach [: Correia-
tion of structure with T cell responses of the three members of the l-ILA-DRw52
allelic series. J Exp Med 170:1027, 1989.

S. Schreuder GMIT. Gebuhrer L. Lepage V, flask SL, de Lange P, Ileutel H, Occos L,
Awaxd J, Du Toir E, Grumet FC: Antigen society no. 25 report (DR~~'6, DRw 13,
DRw14). In Dupont B (ed): Immunobiology of HLA. Histocompatibility Testing
1987. New York, Springer-Verlag, 1989.

9. Schreuder GMT, Kennedy UJ, Gebuhrer L, Awad J, lBetuel H, Degos L, leannet M:
Antigen report: HLA-DRwv6 and its subgroups 14LA-DRwI. 13 and 1-LA-DR\% 14. In



Complexity of D-R%,6 and DR 5 l-Liplocypes 2 17

Albert ED. Baur MP, Mavr \VR teds): l-istocompatibility Testing 1984. Berlin, Spring-
er-Verlag, 1984.

10. Stascnyj P, Lay'risse Z, Singal DI), Svcjgaard A, van den Berg-Loonen E, Dohi K.
Caraballo L, Chiexxsilp P, Colombe B, Fauchet R, Haas E, Hammond MG, Jakobsen
BK, Knight, S, LeJ, INMervarf I-1. Schreuder GMT, Sullivan K: Antigen society no.

* 4report (MRvV1 DRiVI 2,;DRwv8). -11n 4tpn'~id! 6iIg'f HrA.
Hisrocornpat'bility Testing 1987. New .Vo~k, Spring-er-Verlag. 1989.

11. Betuel H. Gebuhrer L, Schreuder GM4T, Goldmann SF, Arnaiz Villena A, Lay'risse Z:
Antigen report: HLA-DR5 and Its subtypes H-LA-DRw-. 11 and HLA-DR%% 12. In Albert
ED, Baur \IP. M\ayr WR (eds): Histocopaibility Testing 1984. Berlin, Springer-
Verlag. 1984.

12. Sullivan K. Amos D: The lILA system and its detection. In Rose N, Friedman 1A,.
Fahey J (eds): Manual of'Clinical Laboratory Immunology, 3rd ed. WVashington DC,
1986. American Society for Microbiology. 19,86.

13.Johinson A. Amos B.GrierJ, \Vard F-: Enr'ihmient ofB lymphioc\yes us'tgiing nantian
Foab'), monolayer. In Terasaki P- (ed):- Histocornpatibility Testing 1980. Los Angeles,
UCLA Tissue Typing Laboratory. 1980.

14. Thorsby E. Piazza A: -joint report from thec Sixth International Histocompatibilit
WVorkshop Conference. 11. Typing for HLA-D (LD-1I or ML&C determinants. In Kiss-
meyer-Nielsen F (ed): H- istocompati bi lit), Testing 19-5. Copenhagen, M unksgaard,
197,S.

15. Hartzman Rj, Segall M, Bach ML, B~ach Fl-t: Histocompatibility matching. VI. Minia-
turization of'the mixed leukocyte: culture test: A preliminary report. Transplanation
11:268, 19-1.

16. Ryder L, Thomsen M, Platz 1), Svejgaard A: Data reduction in LD-typing. In KissmieN-
er-Nielsen F (ed): Histocornpatibility Testing 1975. Copenhagen, Munksgard, 1975.

17. Radka SF: Monoclonal antibodies to human major histocompatibility complex class 11
antigens. CRC Critical Rev Immunol 8:23, 1987.

18. Termiltelen A. Tilanus MGJ, Engelen 1, Konig F, van Rood jJ: Molecular localization
of LB-Q 1, a DR%%5 2-like T-cell recognition epitope and identification at the genomic
level of associated shared hybridizing fragments. Hum Immunol 19:255, 1987.

19. Eckels D, Hartzman R: Characterization of human T-Iymphocyce clones (TLCs) specific
for HLA-region gene products. Immunogenetics 16:117. 1982.

20. Gorski J, Mach B: Polymorphismn of humnan lit antigens: Gene conversion betweecn
tWO DR 13 loci results in a ne,.% HLA-D/DR specificity'. Nature 322:67, 1986.

21. Gorski j.. I-ckels DD. Tiercy.1-M.I Ucla C. Mach B: Sequence analysis of the DR\%-13
13-chain genes: The D%%-19 specificity may he encoded by the DR beta Ill locus. In
Dupont B (ed): Immunobiologi' of H LA. H-Iistocom patibil irt Testi1ng 1987. New York,
Springer-Verlagi. 1989.

22. SLugden B. Mfark WV: Clonal transformat Ion of adlUlt human Ieukocvltes by 1:1pstein-.iarr
viru.1 Virol 23:503,. 17.

23. Haynes BF. Mfann DL, 1lcnler ME, Schroer JA, Sheiharner JH. Fisenbarth GS,
Strorninger IL. Thomas CA, Mostowski HS, Fauci AS: Characterization of a mono-
clonal antibody that defines ain iminunoregulatory T cell Subset for imu noglobulin
synthesis in humans. Proc NatI Acad Sci USA 77:29 14, 1980.

24. H-offmnan RA, Kung PC, Hansen WP),Goldstein G: Simple and rapid measurement of
human T lymphocy'tes and their subclasses in peripheral blood. Proc NatI Acid Sci
USA 7:94 90



218 K. WV. Lc er al.

25. Hurley CK, Grcgcrserr PK, Steiner N, Bell J, Hartarnan R, Neporn G. Silver .
Johnson AH: Polymorphism of the H-LA-D region in American blacks: A DR3 haplo-
type generated by recombination. J Immunol 140:885. 1988.

26. Southern E: Detection of specific sequenccs among DNA fragments separated by gel
* - .lccsop~hoesisJ- Mol Biol 98;503. 1975.. .

* .27-. Hurley CK, Gregiwrsen.PK; Goiski j. Steiner N, Robbins FM, Hartzma'n R.johnson'
AH, Silver.J: The DR3(,w 18), DQ\%.1 haplotype differs from DR3(\,wI-)h. t)Qwk2 liaplo-
types at multipfle Class 11 loci. Hum Immunol 25:37, 1989.

28. Bell J1, Denney D. M~acikurray A. Foster L. WVatling D. McDevitt HO1: Molecular
mapping of- class I I polymorphisms In the human ma'or histocomparibility compilex.:
I. DR [3. -1 limmunol 139:562. 198-.

29. Hongrning I-,Tilanus MG I, Van Eggermond M(-JA. Giphart MJ: Reduced complexity,
of RFLP for H LA-DR typing by the use of a DR/33' cDNA probe. Tissue Antigens
28:-129, 1986.

30. Feinberg A, Vogeistein B: A technique for radiolabeling DNA restriction endonucle-
ase fragments to high specific activity. Anal Biochemn 13":266, 1984.

31. Tiercy -MN, Gorski -1. Ber!uel H, Freidel AC, Gebuhirer L. - eanne[ N1. Mach B: DNA
typing of DRw6, subtypes: Correlation with DRB I and DRB3 allelic seq uences by
hybridization with oligonucleotide probes. Hum Immunoil 24A, 1989.

32. Gorski J,. Niven I\fJ. Sachs JA, Mach B, Cassell PG, Festenstein H, A-wad J, Hirman
GA: HLA-DRar, -DXa. and DR/31l1 gene association studies in DR3 individuals. Hum
Immunol 20:7i, 1987.

33. Gregersen PK. Kao H. Nunez-Roldan A, Hurley CK, Karr RW, Silverj1: Recoimblna-
tion sies In the HLA class II region are haplotype dependent. J Immunol 14 1:1 365,
1988.

34. DuToit ED, Oudshoorn M, Martell RW, MacGregor KJ: HLA-DRw6 and its complex-
ity. In Dupont B (ed): Immunobiology of HLA. Histocompatibility Testing 1987.
New York, Springer-Verlag. 1989.

35. MacMurray AJ, Bell J1, Denney D, Watling D, Foster LS, McDevitt HO: Molecular
mapping class 11 polymorphisms in the human major histocompatibility complex. 11.
DQ 13. J Immunol 139:574, 1987.

36. Todd JA, Bell .11, McDevitt HO: HLA-DQ fl gene contributes to susceptibility and
resistance to insulin-dependent diabetes mellitus. Nature 329:599, 1987.

.37. Tilatius MGJ. Schreuder GMT Pa,.elec G. Giphart MJ: The 1-ILA-D%%HAG specifici()y
is defined by DR /3 cDNA hybridization as a hybrid liaplotype carrying DR5 and
DRw6 determinants. Tissue Antigens 29-168, 1987.

i8. Bidwell JL. Bidwvell EA, Sansom DIM, Klouda I-F, Bradley BA: The origin of HLA-
[)R"Br': Exon 2 nucleotide sequence implicates possible gene conversion of DR I by
DR4-DwIO,1, 1)R5. or DRw6-DwI8. Hum Immunol 26:191. 1989.

19. Bell JI1. D~enney' D. Foster L, Belt T, Todd JA, McDevitt HO: Allelic variation in the
DR subregion of' rhc human miajor histocompatibility complex. Proc Natil Acad Scl
USA 84:623iJ, 198-.

40. Tieber VL, Abruzzini LF. Didier DK. Schwartz BD,-RotN\ein P: Complete characteriza-
tio)n and] sequen':e of- an H1-1 A class I I 1R /3 chain cDNA from the DR5 liaplotype. J
Biol Chem 261:2738, 1986.

41I. Steimle V, Hinkkanen A, Schlesier NI,-EpplenJT: A novel HLA-DRi6l sequence from
the DI'wI I haplotype. Immunogenetics 28:208, 1988.

42. Gorski -1: First domain sequence of the HLA-DRB I chain from two HLA-DRw14



Complexity of DRw6 and DR5 Haplotypes 219

homnozygous typing cell lines: TEN! (D-,,9) and AMALA (DwI6). Hum Immunol
24145, 1989.

43. Navarrete C, Seki T, Miranda A, Winchester R. Gregersen PK: DNA sequence
analysis of the HLA-DRw12 alilec. Hum lmrnunol 25:51, 1989.

44. Song QL. Gregersen PK, Karr RW, SIlverJ: Recombination betw,%een DQ a and DQ
63 genes generates human histocompatibility leukocyte antigen class 11 haplotype
diversity. J Immunol I1"39:2993, 198-,.

45. Bach FH: The HLA class 11 genes and products: The HLA-D region, Immunol Today
6:89, 1985.

46- Sterkers G, Zeliszew,%ski D, Freidel AC, Gebuhrer L, Betuel H, Lev% JP: Both HLA-
DR and HLA-DQ determinants contribute to HLA-Dw typing. Hum Immunol 20:') ~
1987.

47T Rostand SC, Kirk KA, Ruisky EA, Pate BA: Racial dif -ferences in the incidence of
treatment for end-stage renal disease. Ne-w Eng] j Med 306:1276, 1982.


